Plain X-ray radiographs are the first line of investigation taken in the diagnosis of abdominal pathology and are considered an important diagnostic tool to provide guidelines for further imaging studies and comprehensive therapeutic management. Although most abdominal pathology demonstrates non-specific radiologic findings, the plain abdominal radiography is very useful in specific diseases, including certain gastrointestinal anomalies. This review provides image findings of normal plain abdominal radiography and some common abdominal pathology in infants and children. (Korean J Pediatr Gastroenterol Nutr 2011; 14: 130∼136)
INTRODUCTION
Although there are a variety of recent, highly advanced imaging techniques available, plain X-ray radiographs are still important and commonly used as the first line of investigation in the diagnosis of abdominal pathology.
They can be used as definitive diagnostic tools or as early indicators to guide further investigations.
The aim in pediatric radiology is to obtain the required diagnostic information using the minimum radiation dosage. For instance, the well-known double-bubble sign is diagnostic of duodenal atresia without the need for further radiologic investigation. Plain X-ray radiographs can suggest the presence of pyloric stenosis, intussusception, ileus, obstruction, pathologic calcification, and masses.
They also provide information on intramural air, portal venous air, and free intraperitoneal air secondary to intestinal perforation. It is important for the pediatrician to be familiar with normal findings of plain X-ray radiographs in infants and young children that are different from those in adults. This study also reviews normal abdominal radiographic findings and those of common diseases in infants and young children. 
INTERPRETATION

Normal appearance
Plain radiography demonstrates three categorical structures that consist of soft tissue, air and bony or calcification densities according to the X-ray absorption coefficient.
The borders of soft tissue structures including the liver, spleen, kidneys, psoas muscles, bladder, muscles and peritoneum can often be identified by the fat that sur-rounds them. The liver is located in the right upper quadrant, whereas the spleen and stomach are located in the left upper quadrant (Fig. 1A ). Hepatomegaly can be identified with a bulging contour of the liver tip below the 12th rib on supine view. Because there is insufficient perihepatic fat in neonates and infants, it is difficult to identify the hepatic outline on plain radiography. The appearance of the stomach varies, depending on the posi- . Air is the inherent contrast medium in plain diagnosis and gas pattern in the abdomen can be most useful for assessing gut anatomical and functional status. Relatively large amounts of gas are normally present in the stomach and colon but only a small amount is usually seen in the small bowel. It is usual to be able to identify the gastric rugae on a supine radiograph ( Fig. 1B ). There is rarely sufficient gas present in the small bowel to outline more than a short length, and although the mucosal pattern may 
Normal abdominal radiography in neonates
The normal bowel gas pattern in neonates is quite different from that seen in older children and adults. Gas is usually present in the stomach within 10 to 15 minutes after birth. Gas normally reaches the proximal small bowel within an hour and fills most of the small bowel by 6 hours. The large bowel is filled by 12∼14 hours, often with the passage of meconium 2, 3) .
The normal bowel gas pattern in neonates is characterized by gas throughout the small and large bowels and little fluid with respect to air. The bowel air interfaces are thin and sharp. The gas distribution is one of multiple, closely apposed, rounded or polyhedral structures. The small and large bowel cannot be distinguished (Fig. 3) .
The large and small bowel may be differentiated on lateral views because the ascending and descending parts of the colon overlie the spine, whereas the small bowel is more anterior. On supine view it may be identified by the presence of air on both sides of the bowel wall or air outlining the ligamentum falcifarum (Fig. 4B) , and can also be seen as the 'football' sign ( Fig. 4B) 2,3) . Normally, this separation should not exceed 2 mm.
Another common radiographic sign is central displacement of bowel loops (Fig. 5) 3) .
3) Calcifications: Calcifications may be seen in meconium peritonitis, appendicitis with appendicolith, as manifestation of biliary and genitourinary tract stone diseases, or with tumors such as neuroblastoma, hepatoblastoma, and teratoma 1∼4) . 
5) Hypertrophic pyloric stenosis: Plain radiography
shows a distended stomach and relatively less gas in the small bowel 4) . In some cases, the hyperactive gastric waves can be visualized along the greater curvature ( Fig.   7 ), named the 'caterpillar' sign with multiple peristaltic waves.
6) Adynamic ileus versus mechanical obstruc-tion:
In adynamic or paralytic ileus, which can be clinically and radiologically very difficult to distinguish from obstruction in children, the bowel is typically less distended, the fluid levels are long and there is gas through the bowel. Ileus is characterized by uniform dilatation of bowel to the level of the rectum. It is a non-specific finding and is present in medical disorders, such as sepsis, electrolyte imbalance and also most commonly in children with enterocolitis ( Fig. 8 ).
Mechanical obstruction, on the other hand, leads to differential bowel dilatation. There is dilatation of the loops proximal to the point of obstruction, with characteristic collapse of points distal to the obstruction. In obstruction, fluid levels are short and on an erect film the gas pattern is often described as a "ladder pattern" (Fig.   9 ). In closed-loop obstruction the affected bowel may become completely fluid filled with the absent of air-fluid levels 5) .
The level or cause of obstruction in neonates and young infants may be suspected by associated findings such as a bubbly pattern produced by meconium ileus, calcification following meconium peritonitis, gas collec- ted within a hernia sac, or gas in the bladder from a high anorectal malformation 4) . 7) Gastroenteritis: The radiographic appearances are variable and mimic bowel obstruction or paralytic ileus.
The fluid levels tend to be long as apposed to the ladder pattern of bowel obstruction (Fig. 8) . The abdomen may be gassy or relatively gasless. In general, air is present throughout the bowel 5) . susception (the intussusceptum) ( Fig. 11 ). Identification of a cecum filled with gas or feces in the normal location is the finding that allows exclusion of intussusception with the most confidence 5, 6) . 
8) Acute appendicitis:
CONCLUSION
